ABSTRACT: Sixteen (mean age = 1.1 ± 0.1 yr; mean BW = 478 ± 34 kg) Brahman-influenced bulls were used to determine the influence of fescue type on sperm characteristics and serum concentrations of prolactin, cortisol, and testosterone. Bulls were blocked by BW, scrotal circumference (SC), and pregrazing sperm characteristics and randomly assigned to graze toxic endophyte-infected (EI; 4 bulls/pasture; 2 pastures) or novel endophyte-infected (NE; 4 bulls/pasture; 2 pastures) tall fescue for 121 d. Semen was collected by electroejaculation, and SC was measured and blood samples collected monthly. Sperm were evaluated for motility and morphology with an integrated visual optical system. Overall mean concentration of prolactin was decreased more (P < 0.01) in EI bulls than NE bulls from May to August. Scrotal circumference was not affected by fescue type (P = 0.58); overall SC averaged 36.7 ± 2.3 cm. Percentage of live sperm was not different (P = 0.24) between NE bulls (80%) than EI bulls (67%) in July and August. Bulls grazing NE fescue had more (P < 0.06) motile sperm than EI bulls in July and August. Percentages of progressive (57 vs. 38%, NE and EI, respectively; P < 0.06) and rapid (67 vs. 46%, NE and EI, respectively; P = 0.04) sperm were greater from bulls grazing NE than EI bulls in July and August. Average velocity of the smoothed sperm path and progressive velocity in a straight line from the beginning to the end of the sperm track were slower (P < 0.09) in EI bulls than NE bulls and were slower (P = 0.04) in August compared with July. Mean width of head oscillation as the sperm swims was less (P < 0.06) in August than July. Concentrations of cortisol and testosterone were not (P > 0.10) influenced by fescue type. Semen from bulls grazing EI had reduced motility and morphology than bulls grazing NE. Detrimental effects of toxic fescue may not be mediated by cortisol, testosterone, or both. Semen quality of bulls grazing toxic EI tall fescue was decreased with increased maximum ambient temperatures.
INTRODUCTION

Consumption of toxic endophyte-infected [EI;
Lolium arundinaceum (Schreb.) Darbysh. = Schedonorus arundinaceum (Schreb.) Dumort.] tall fescue decreases reproductive performance of cows (Browning et al., 1998a; Burke et al., 2001; Jones et al., 2003) . However, minimal research exists of the negative effects of toxic tall fescue on bull reproductive performance. Ergot alkaloids, compounds that mediate fescue toxicosis, inhibited sperm motility (Wang, 2006) and decreased the ability of sperm to fertilize oocytes (Schuenemann et al., 2005b) . Further, SC was decreased and scrotal temperature increased in Angus bulls fed toxic fescue seed diets (Jones et al., 2004) . A novel endophyte-infected Influence of toxic endophyte-infected fescue on sperm characteristics and endocrine factors of yearling Brahman-influenced bulls (NE) tall fescue variety has been developed (Bouton et al., 2002) that produces little or no ergopeptines and does not reduce animal performance (Nihsen et al., 2004) . Consumption of toxic tall fescue can alter endocrine function of cattle (Browning et al., 1998a,b; Nihsen et al., 2004) . Concentrations of prolactin are generally reduced in ruminants consuming toxic fescue (Schillo et al., 1988) , and changes in cortisol depend on the duration of exposure to toxic tall fescue (Aldrich et al., 1993; Browning et al., 1998b; Looper et al., 2007) . However, concentrations of testosterone were not altered between bulls consuming toxic fescue diets compared with bulls consuming nontoxic diets (Evans et al., 1988; Schuenemann et al., 2005a,b) .
We hypothesized bulls grazing toxic EI tall fescue would have reduced sperm quality and possibly have altered endocrine function and that increased ambient temperatures would reduce sperm quality of bulls grazing toxic EI tall fescue. Therefore, the objectives were to determine effects of grazing toxic EI or NE tall fescue on sperm characteristics measured by an integrated visual optical system (IVOS) and serum concentrations of prolactin, cortisol, and testosterone in Brahman-influenced bulls.
MATERIALS AND METHODS
The committee for animal welfare at the USDA-ARS, Dale Bumpers Small Farms Research Center, Booneville, AR, approved animal procedures used in this experiment.
Description of Animals, Semen Collection, and Forage Measurements
Before the experiment (May 4, 2006 to April 17, 2007 , Brahman-influenced (1/8 to 3/16 Brahman) bulls were maintained on common bermudagrass [Cynodon dactylon (L.) Pers.] pastures overseeded with Elbon rye (Secule cereale L.). Bulls (n = 16; mean age = 1.1 ± 0.1 yr; mean BW = 478 ± 34 kg) were blocked by BW, scrotal circumference (SC), percentage motile and progressive sperm, and total sperm (millions of cells) across 3 collection dates (February 27, March 20, and April 17, 2007) before the initiation of the experiment and randomly assigned to graze toxic EI (Kentucky 31; 4 bulls/pasture; 2 pastures) or NE (MaxQ, Pennington Seed, Atlanta, GA; 4 bulls/pasture; 2 pastures) tall fescue pastures for 121 d (April 17 to August 16). Body weight was recorded and SC measured with a scrotal measuring tape (Nasco, Ft. Atkinson, WI) monthly. Semen was collected monthly at 0900 to 1030 h by electroejaculation (Electroejac IV, Ideal Instruments/Neogen Corp., Lansing, MI) and placed in a 15-mL conical centrifuge tube. Ejaculates were held in a 35.5°C water bath and evaluated within 30 min of collection. Semen was diluted 20:1 in warm Dulbecco's PBS immediately before evaluation. Sperm were evaluated for motility and morphology variables (Table 1 ) using a Hamilton Thorne IVOS computerized sperm analysis system (Hamilton-Thorne Biosciences, Beverly, MA) utilizing Animal Motility Software, version 12.1. Ten different fields were scanned to determine averages for all sperm variables for each monthly semen collection. Within each field, 30 video frames were captured for analysis of sperm motility. At each evaluation, semen samples for each bull were fixed using an eosin-nigrosin-based live-dead stain (Jorvet Stain, Jorgensen Laboratories, Lovelend, CO) for later evaluation of morphology. For each slide, approximately 100 sperm were evaluated for percentage live (dye exclusion) and dead, as well as for major (malformed, abnormal acrosome, proximal droplet, folded tail, midpiece defect, cratered head, pyriform head, or small/giant head) and minor (distal droplet, bent/coiled tail, headless, or tailless) defects.
Rectal temperatures (GLA M700 digital thermometer, Agricultural Electronics, San Luis Obispo, CA) of bulls were recorded in July and August before sperm collection. Maximum ambient daily temperature was (Bransby et al., 1977) . Forage height was recorded at 50 random locations in each pasture. Regression equations of kilograms of DM/ha and disk meter height were calculated. Random grab samples (8 to 10 samples/ha) were pooled, cut into 5.1-cm pieces, and stored at −4°C. Concentrations of ergovaline were determined using HPLC as described by Hill et al. (1993) . Random grab samples (10 samples/ha) were utilized for evaluating nutritive value of forage during July and August. Nutrient analysis of the forage samples was completed by the Agricultural Diagnostic Service Laboratory, University of Arkansas.
Blood Collection and Hormone Determination
Blood samples (7 mL) were obtained from bulls each month at semen collection (d 0, 30, 58, 93 , and 121 of grazing). Blood samples were collected by venipuncture of the median caudal vein into vacutainers (Becton Dickinson, Franklin Lakes, NJ), allowed to clot for 24 h at 4°C, and centrifuged (1,500 × g for 25 min). Serum samples were stored at −4°C until analyses.
All hormones were quantified in single assays. Serum prolactin concentrations were determined in duplicate by double antibody RIA as described by Spoon and Hallford (1989) , respectively, using primary antisera and purified standard and iodination preparations supplied by the National Hormone and Peptide Program (Torrance, CA). Intraassay CV was 7%.
Serum concentrations of cortisol and testosterone were determined in duplicate by solid phase RIA using components of commercial kits (Siemens Diagnostic, Los Angeles, CA). These kits utilize antibody-coated tube technology, and assays were performed without prior extraction of the individual hormones from serum. Cortisol and testosterone assays were validated in ruminant serum as described by Kiyma et al. (2004) and Richards et al. (1999) , respectively; intraassay CV was 7 and 12%, respectively, for cortisol and testosterone.
Statistical Analyses
Pasture was the experimental unit in all statistical analyses. Dry matter availability, and CP, ADF, NDF, TDN of fescue pastures, initial and final BW, BW change, initial and final SC, SC change, and rectal temperatures (July and August) were analyzed by ANOVA utilizing the MIXED procedure (SAS Inst. Inc., Cary, NC). The model included pasture replicate, fescue type, and the interaction. Comparisons between fescue type on SC, sperm characteristics, and concentrations of prolactin, cortisol, and testosterone were analyzed using the MIXED procedure of SAS for repeated measures (Littell et al., 1998) . The model included pasture replicate, fescue type, collection date, and all interactions. Utilizing Akaike's information criterion and Schwarz' Bayesian Criterion (Littell et al., 2000) , the most appropriate covariance structure for each analysis was compound symmetric. Kenward-Rogers' approximation was used for calculation of the degrees of freedom of the pooled error term. The random effect of pasture within each fescue type (specified in the SUBJECT statement) accounted for the correlations among repeated observations on the same pasture. Significance was set at P < 0.10 in all analyses. Concentrations of cortisol were different (P = 0.08) on d 0 between fescue type; therefore, concentration of cortisol on d 0 was used as a covariate in analysis of the effects of fescue type on cortisol. If the interaction of fescue type × collection date was significant (P < 0.10), effects of fescue type were examined within collection date using pairwise contrasts (PDIFF function of SAS).
RESULTS
Dry matter availability was greater (P < 0.09) from toxic EI pastures than NE fescue pastures (Table 2) ; however, DM availability was not limited for either fescue type during the current experiment. Overall CP was greater (P < 0.05) from NE fescue pastures than toxic EI fescue ( Table 2) . Percentages of ADF, NDF, and TDN were similar (P ≥ 0.12) between fescue types (Table 2) . Concentrations of ergovaline ranged from 0.39 to 0.74 mg/kg of DM (pooled SE = 0.1) for EI pastures from April to August; overall mean ergovaline was 0.60 ± 0.06 mg/kg of DM (Table 2) . Ergovaline for EI pastures was 0.59 and 0.74 mg/kg in July and August, respectively. No detectable ergovaline was found in NE pastures during the experiment.
Final BW and BW change of bulls were not influenced (P ≥ 0.38) by fescue type (Table 3) ; date influenced (P < 0.0001) BW changes (data not shown). Means in a row without common superscripts differ (P < 0.09).
c,d
Means in a row without common superscripts differ (P < 0.05). 1 No detectable ergovaline.
Likewise, fescue type did not affect (P ≥ 0.51) final SC or SC change during the experiment (Table 3 ), but date did affect (P < 0.0001) SC changes (data not shown).
Rectal temperatures recorded in July and August did not differ (P ≥ 0.79) between fescue types (Table 3) .
Sperm Characteristics
There were minor differences (P < 0.06) between fescue types for sperm characteristics in April, May, or June. Track velocity of sperm over the actual point-topoint track were slower (P = 0.06) in bulls grazing toxic EI (159 ± 7 µm/sec) fescue than bulls grazing NE (196 ± 7 µm/sec) fescue. Lateral amplitude of head oscillation as the sperm swims was less (P < 0.01) in toxic EI (6.1 ± 0.1 µm) bulls compared with NE (6.6 ± 0.1 µm) fescue bulls in April, May, and June. There was not (P > 0.10) a date × fescue type interaction for sperm characteristics in April, May, or June.
Fescue type did alter (P < 0.10) sperm characteristics in July (mean maximum daily ambient temperature = 33.6°C) and August (mean maximum daily ambient temperature = 39.7°C). Percentages of motile and progressive sperm were greater (P < 0.06) in NE bulls compared with EI bulls; percentage of rapid sperm (P = 0.04) was greater from bulls grazing NE than EI bulls (Figure 1 ). Percentage of medium progressive sperm tended (P = 0.10) to be greater from bulls grazing toxic EI fescue than bulls grazing NE fescue. Date (July and August) or date × fescue type interaction did not alter (P > 0.10) percentages of motile, progressive, or medium progressive sperm. A fescue × date interaction influenced (P = 0.04) percentage of slow progressive sperm; however, within date comparisons of slow progressive sperm were not different (P ≥ 0.25) between fescue type (data not shown). Date (July or August), fescue type or the interaction between date and fescue type did not influence (P > 0.10) sperm concentration (millions of cells/mL), percentages of live sperm, or sperm with major or minor defects (Table 4) .
Average velocity of the smoothed sperm path and progressive velocity in a straight line from the beginning to the end of the sperm track were slower (P ≤ 0.09) in EI bulls than NE bulls and were slower (P = 0.04) in August compared with July (Table 5 ). Track velocity of sperm over the actual point-to-point track was slower (P = 0.02) in August compared with July (Table 5 ). Lateral amplitude of head oscillation as the sperm swims was less (P < 0.06) in August than July (Table 5) . Beat frequency, which is the frequency of the sperm head crossing the sperm average path in either direction, was greater (P = 0.09) in July than August; fescue type did not affect beat frequency (P = 0.53; Table 5 ). Sperm characteristics of straightness [ratio of progressive velocity (VSL)/path velocity (VAP)], linearity [ratio of VSL/track speed (VCL)], elongation (ratio of head width to head length), and area (average size of sperm heads) of sperm were not influenced by fescue type (P ≥ 0.27), collection date (P ≥ 0.17), or the interaction (P ≥ 0.17). 
Toxic fescue and sperm characteristics
Endocrine Factors
Mean concentrations of prolactin were influenced (P < 0.08) by a fescue type × date interaction. Concentrations of prolactin were similar between bulls grazing EI and NE fescue in April; however, prolactin was less in EI bulls than NE bulls May through August ( Figure  2 ). Concentrations of cortisol were not influenced (P > 0.10) by date, fescue type, or the interaction (Table  3) . Similarly, concentrations of testosterone were not affected by fescue type (P = 0.41; Table 3 ); however, testosterone was influenced (P = 0.09) by date. Concentrations of testosterone were variable during the experiment and greatest in June (14.5 ± 1.5 ng/mL) and August (12.5 ± 1.5 ng/mL) and less in May (10.6 ± 1.5 ng/mL), April (10.2 ± 1.5 ng/mL), and July (9.1 ± 1.5 ng/mL).
DISCUSSION
Studies comparing the effects of toxic and nonergot alkaloid-producing tall fescue varieties on bull reproductive performance with an IVOS are nonexistent. Several sperm characteristics as measured by IVOS were affected by fescue type in the current experiment. These results are in contrast to several studies that report no differences in sperm motility and morphology in bulls consuming toxic EI fescue diets or nontoxic diets (Evans et al., 1988; Schuenemann et al., 2005a,b) . Laboratory methodologies of sperm analyses may explain difference among studies. Previous reports utilized subjective procedures, whereas an IVOS analysis was used in the current experiment. Farrell et al. (1998) reported that computer-assisted sperm analysis was highly repeatable (repeatability = 0.99) and provided a better estimate of sperm motility than traditional subjective procedures. Many of the IVOS measurements are not possible in routine evaluations.
Sperm motility and percentage of progressive sperm were reduced in bulls grazing toxic EI fescue compared with bulls grazing NE fescue in July and August. Angus bulls fed toxic EI fescue seed diets tended to have reduced motility compared with bulls consuming a nontoxic diet during the last 2 wk of a 60-d study (Jones et al., 2004) . Wang (2006) reported ergot alkaloids commonly found in toxic EI fescue plants reduced sperm motility in a concentration-dependent manner. Percentages of intact acrosomes and postthaw motility were decreased when ergonovine was added as an extender for sperm cryopreservation (Gallagher and Senger, 1989) . In humans, vaginal treatment with bromocriptine, an ergoline derivative, decreased sperm motility by 31% (Chenette et al., 1991) . In the current experiment, percentage of rapid progressive sperm was decreased in EI compared with NE bulls in July and August. Schuenemann et al. (2005a) reported that although sperm motility and morphology did not differ between bulls grazing toxic EI or NE fescue pastures from November to June, potential of sperm to fertilize oocytes was reduced from bulls grazing toxic EI fescue. Similarly, we did not detect differences in sperm motility in May and June. Changes in sperm quality between bulls grazing toxic EI or NE fescue pastures were detected only after ambient temperatures increased in July and August. Differences between Schuenemann et al. (2005a) and the current study also may be attributed to laboratory methodologies; Schuenemann et al. (2005a) used subjective procedures, whereas an IVOS analysis was used in the current experiment. Sperm motility of Holstein bulls ranged from 62 to 69% with subjective procedures, whereas the range was 52 to 82% for computer-assisted sperm analysis; repeatability was 0.99 for computer-assisted sperm analysis (Farrell et Minor defects = distal droplet, bent/coiled tail, headless, or tailless defects. al., 1998). In humans, sperm motility and concentration, as measured by computer-assisted semen analysis, were more accurate in identifying infertile men than sperm morphology (Nallella et al., 2006) . Although motility was reduced in semen collected from bulls grazing toxic EI fescue in the current experiment, this may not be an indication of reduced fertility. Fertility was not highly correlated with motility once a certain motility threshold was obtained in boars (Flowers, 1997) . Highly motile sperm cells may not always result in increased fertility (Hall, 1981 ). It appears sperm motility is reduced and percentages of progressive and rapid sperm are decreased in bulls grazing toxic EI fescue pastures; however, consequences of decreased motility on bull fertility should be the basis of future studies.
Average velocities (VAP and VSL) of sperm were slower in EI bulls than NE bulls. Kato et al. (2001) concluded that using both the percentage of progressive sperm and sperm velocity parameters could detect adverse effects on rat sperm motion. Correlations between fertility of dairy bulls and computer-assisted sperm analysis variables ranged from 0.63 to 0.67 when percent progressive and velocity measures (VAP, VSL, and VCL) were included in the model (Farrell et al., 1998) . Sperm collected in the current experiment had slower path velocities, less lateral amplitude of the sperm head, and slower beat frequency of the sperm head during August compared with July, suggesting toxic effects of EI consumption may be exacerbated by increased ambient temperatures. Exposure of Angus bulls to elevated ambient temperatures (35°C for 8 h and 31°C for 16 h) resulted in reduced percentage of motile sperm and an increased percentage of abnormal sperm (Meyerhoeffer et al., 1985) . Mean maximum daily ambient temperature for July and August semen collection dates were 33.6 and 39.7°C, respectively. Speed of sperm was slower in EI bulls than NE and during warmer weather in the current experiment. Consumption of toxic EI fescue may be detrimental to the velocity of sperm, which along with the percentage of progressive sperm, has been associated with bull fertility (Farrell et al., 1998) . Increased ambient temperatures may further intensify the negative effects of the consumption of toxic EI fescue.
Concentrations of ergovaline averaged 0.60 mg/kg of DM for EI pastures from April to August. Ergovaline is the primary ergopeptine found in toxic fescue (Lyons et al., 1986) and is considered to play a role in fescue toxicity (Porter, 1995) ; however, other ergot alkaloids also are likely involved in causing fescue toxicosis (Hill, 2005) . Although threshold concentrations of ergovaline that induce fescue toxicosis are not fully established, BW gain of beef steers was not affected by fescue straw containing up to 0.475 mg/kg of DM as ergovaline consumed during winter (Stamm et al., 1994) . Toxic fescue seed diets with 0.75 mg/kg of DM of ergovaline resulted in reduced DMI, increased urinary alkaloids, and tended to decrease prolactin in ewes after 7 d (Looper et al., 2007) . Concentrations of ergovaline in July and August in the current experiment were similar to published values of ergovaline capable of inducing fescue toxicosis in cattle and sheep (Aiken et al., 2006; Looper et al., 2007) . Dry matter availability was less in NE fescue pastures than toxic EI fescue pastures; however, DM availability was not limited for either fescue type at anytime during the experiment. Crude protein was less in toxic EI fescue pastures than NE fescue pastures during the experiment; all other nutritive components measured were similar between fescue types. Both fescue types exceeded the nutrient requirements of growing bulls (NRC, 1984) . Increased CP of NE fescue pastures did not result in improved BW gain of bulls grazing NE fescue.
Bulls grazing toxic EI fescue pastures had decreased concentrations of prolactin from May throughout the duration of the current experiment compared with bulls grazing NE fescue. Reduced concentrations of prolactin are frequently used as a physiological indicator of fescue toxicosis in ruminants (Porter and Thompson, 1992; Aiken et al., 2006) . We recently reported that ewes fed increased ergovaline (0.75 mg/kg) fescue seed diets tended to have reduced concentrations of prolactin compared with ewes fed decreased ergovaline (0.11 mg/kg) fescue seed diets after 7 d of diet consumption (Looper et al., 2007) . In the current experiment, ergovaline values and reduced prolactin from bulls consuming toxic EI fescue provided confirmation that ergot alkaloids in toxic EI fescue pastures were adequate 1 VAP = path velocity, average velocity of the smoothed cell path; VSL = progressive velocity, average velocity measured in a straight line from beginning to end; VCL = track speed, average velocity measured over the actual point-to-point track; ALH = lateral amplitude, mean width of head oscillation as the sperm swims; BCF = frequency of sperm head crossing the sperm average path in either direction.
Toxic fescue and sperm characteristics to induce physiological changes associated with fescue toxicosis.
Change in BW of bulls was not altered by fescue type in the current experiment. Average daily gain was similar from crossbred Angus bulls fed a corn:corn silage diet with or without 40 µg/kg of BW of ergotamine tartrate for 224 d (Schuenemann et al., 2005b) . However, Angus and Gelbvieh bulls grazing NE fescue pastures for 224 d had greater ADG than bulls grazing toxic EI fescue pastures (Schuenemann et al., 2005a) . Typically, decreased ADG associated with fescue toxicosis is primarily due to reduced DMI (Paterson et al., 1995; Looper et al., 2007) . Brown et al. (1997) suggested Brahman-influenced cattle appear to be more tolerant of the negative effects of toxic fescue than Angus cattle and may partially explain why no differences in BW gain were observed in the current experiment.
Rectal temperatures in July and August did not differ between EI and NE bulls. Body temperature is usually increased in ruminants consuming toxic fescue (Hoveland et al., 1983; Nihsen et al., 2004) ; however, others have reported no effect of toxic fescue on body temperatures (Stamm et al., 1994) . It has been suggested that animals may become acclimated to the toxic effects of fescue after prolonged exposure (Al-Haidary et al., 2001 ). Bulls would have been exposed to the toxic effects of EI fescue for 94 and 121 d, respectively, for the July and August rectal temperature measurements. It is possible that bulls grazing EI pastures may have become acclimated to the toxic fescue during the grazing season (Spiers et al., 2005) . A further explanation of the current results may be the increased heat tolerance of Brahman-influenced cattle (Brown et al., 1997) .
Final SC as well as SC change during the current experiment was not influenced by fescue type. Development of Holstein bulls on toxic fescue hay from 2 to 13 mo of age did not impact SC (Evans et al., 1988) . Scrotal circumference of bulls was not affected by administration of ergotamine tartrate (Schuenemann et al., 2005b) or grazing of toxic EI fescue pastures (Schuenemann et al., 2005a) . Jones et al. (2004) found mean SC of Angus bulls was decreased in bulls consuming toxic EI seed diets during July through mid-September in southern Illinois compared with bulls consuming nontoxic seed diets for 60 d. However, during the last 10 d of that study, SC did not differ between fescue seed diets. Mean concentrations of ergovaline (1.0 mg/kg of DM) in the Jones et al. (2004) study were almost 1.6 times the mean ergovaline values (0.60 mg/kg of DM) in the current experiment and may have contributed to inconsistencies between studies.
Concentrations of cortisol were not affected by fescue type in the current experiment. Studies investigating cortisol response to toxic EI fescue have not been consistent and may depend on the duration of exposure. Browning et al. (1998b) reported cortisol was increased in steers and cows 3 to 4 h after infusion of the ergot alkaloid ergotamine. However, when samples were collected daily, concentrations of cortisol in heifers fed EI fescue diets for 20 d were similar to cortisol in animals consuming endophyte-free fescue seed diets (Aldrich et al., 1993) . Further, concentrations of cortisol were not different between ewes fed increased ergovaline (0.75 mg/kg) fescue seed diets for 7 d and ewes fed decreased ergovaline (0.11 mg/kg) fescue seed diets (Looper et al., 2007) . These studies and others (Al-Haidary et al., 2001 ) suggest ruminants may become acclimated to the toxic effects of EI fescue, and cortisol may not mediate the detrimental effects of toxic EI fescue in the animal.
Similar to cortisol, concentrations of testosterone were similar between toxic EI and NE bulls. These results are in agreement with several reports indicating toxic EI fescue does not impair circulating concentrations of testosterone (Evans et al., 1988; Schuenemann et al., 2005a,b) . Lunstra et al. (1978) reported a positive correlation between SC and concentrations of testosterone. Lack of an effect of fescue type on SC is consistent with no change in testosterone concentrations.
Semen from Brahman-influenced bulls grazing toxic EI fescue pastures had reduced motility and morphology during periods of increased maximum ambient temperatures compared with bulls grazing NE fescue pastures. Concentrations of prolactin were reduced more in bulls grazing EI than NE bulls; physiological stress on reproductive performance of bulls induced by consumption of toxic EI fescue did not appear to be mediated through circulating concentrations of cortisol or testosterone. The relationship of reduced sperm quality and its effects on fertility from bulls consuming toxic EI fescue should be the basis of future studies.
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